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tested  for  studying  the  fluid  physics  of  the  interactions  of  blast  waves  with 
burning  objects.  The  facility  was  designed  to  simulate  ideal  pressure-time 
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variable  peak  overpressures  (  to  at  least  25  psi)  and  positive-phase  durations 
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SKCTION  1 


INTRODUCTION 

Fire  is  ;in  important  cause  of  the  damage  resulting  from  explosions 

1  2  3 

o!  nuele.ir  weapons,  in  tactical  as  well  as  strategic  employment. 

Although  fire  is  not  usually  considered  a  prime  factor  in  targeting 

because  its  destructiveness  is  notoriously  so  difficult  to  predict,  it 

cannot  be  ignored  as  a  collateral  effect.  In  tact,  its  consequences 

mav  outweigh  all  other  effects  combined. 

Among  the  factors  limiting  fire  damage  (and  the  major  sources  of 
uncertainty  in  fire-damage  prediction),  airblast  interactions  are  unique, 
both  in  potential  importar  1  and  in  the  extent  ol  our  ignorance  about  them. 
Itii'  importance  of  these  interactive  effects  of  blast  and  tire  has  been 
recognized  for  a  considerable  time,  but  only  a  limited  research  effort 
has  been  directed  toward  understanding  and  quantitatively  evaluating 
them.  These  effects  include  the  dynamic  influences  (enhancement  as  well 
as  extinguishment)  of  the  passage  of  the  air  shock  over  ignited  materials 
and  the  perturbations  in  fire  growth  and  spread  caused  by  the  residual 
disarray  produced  in  target  elements  by  blast  effects.  This  research 
has  provided  some  insight,  but  the  remaining  cent  rad ic t ions  can  be 
resolved  on  1  v  through  additional  experimental  study,  complemented  hv  the 
development  of  a  rat  ional  methodology  for  comb i tied -e t I ec t s  damage 
assessment  . 

i>t  the  several  critical  uncert a int ies,  perhaps  the  one  that  over¬ 
shadows  all  others  is  the  extinct  ion  (or  suppression)  ot  lire  hv  air 
blast  since  it  raises  such  questions  as:  How  manv  (il  ativ)  I  ires  sur¬ 
vive  the  blast,  in  what  conditions,  and  in  what  locations.’  In  short  , 
we  cannot  predict  the  combinations  ol  conditions  that  either  suppress 
primary  f  i  res  — redtie  i  in;  them  lor  a  time  to  a  smoldering  slat  e--or  ext  in- 
gnish  them  outright.  Indeed,  we  have  not  been  aide  to  decide,  to  date, 
which  of  the  many  variables  are  the  important  ones.  The  taeilitv  des¬ 
cribed  in  this  report  was  developed  specifically  to  overcome  this  tech- 
11  i c a  I  del  i e  i ene  y . 
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DIUI'CTI  YKS 


I’iii*  overall  objortives  ot  the  resoareh  wen1  to 

til  Determine  the  phvsiral  meehanisms  ot  rxt  iutt  imi  ol 
t  i  iv  hv  Mast  waves  and  astortain  seal  in;.',  m -I.it  ion- 
si!  i  ps . 

<d)  Develop  rompnt  at  iona  1  models  lor  fuel  elements  in 
tree-field  disposition  and  urban  ono 1 osuros . 

(  II  lost  t  ho  validity  of  modol  prod  iut  ions  in  a  future 
I  iolil  tost  (.e.n*,  Misty  Cast  I  o)  . 

l'ho  work  roportod  here  roprosonts  an  initial  effort  to  partially 
sat  is!  v  Objeetive  I  hv  ooniplot  i  ng  t  ho  dovolopmoiit  of  t  ho  noross.irv 
oxpor  imonta  1  tauilitv.  Idoallv,  this  rosoaroli  proyrari  should  proy.russ 
through  iterative  ovolos.  The  first  itor.it  ion  miyht  he  sohi-dulod  to 
oonoludo  with  field-test  validation  of  hvpothosos  dorivod  t rom  a  1  inti  tod 
oxj or imont a  1  of  fort ,  at  a  suitable  UK  shot  in  the  Mist  v  Cast lo  sorios. 
Cons idor inn  tho  eomplexitv  of  the  blast-l  ire  internet  ion  problem,  it  is 
unreasonable  to  export  that  the  whole  problem  ran  bo  resolved  in  a  sinp.l< 
iteration  of  two  year's  duration.  Nevertheless,  we  .ire  eonfident  that 
we  will  have  s inn i f i eant 1 v  advaneed  our  understand  inn  of  the  internet  ions 
when  that  init  ial  iteration  eoneludes  with  the  exper iement s  planned  lor 
the  upeominn  MII.1.  RACK  event  of  the  Misty  Castle  series. 
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PROGRAM  STATUS 

The  SR  I  -dove  1  oped  shoektube  tacilitv  was  eomp  1  et  oil  .mil  tested  during 
this  tout  ratt  period.  It  is  now  fully  operational  ami  is  being  used  to 
investigate  airblast  extinetion  of  fires  under  eontraet  to  the  federal 
F.mergencv  Management  Agency  (FFMA) .  In  this  wav,  a  partial  oemonst  rat  ion 
of  its  utility  and  versatility  has  been  afforded;  however,  its  full 
potential  eannat  be  realized  until  further  investment  is  made  in  diagnosti 
instrumentation  and  in  refining  the  system  of  or  i  lives,  diaphrams,  the 
rereiver  tank,  and  other  accessories  that  provide  the  capability  for 
unusual  lv  long  positive-phase  durations  and  the  independent  control  ol 
overpressure,  duration,  and  decay  of  particle  veloeitv  behind  the  shock. 

This  section  describes  the  design  and  operation  of  the  sliocktube 
tacilitv  and  the  limited  tests  conducted  to  improve  its  operation, 
hater  use  of  the  facility  in  studies  of  fire  extinction  funded  hv  DCPA  ' 
FT’.MA  is  also  described. 

FUNCTION  OK  1UK.  SHOCK TUBE  FAC  1 1 . 1 TY 

In  ail  previous  experiments,  the  blast-wave  simulations  ha\u  !♦••« -n 
inadequate  to  permit  resolution  of  the  manv  variables  invoKad  in  -osl 
practical  situations.  The  lundamental  weakness  in  exper  iment  s  coinlu.  led. 
to  date  has  been  their  lack  of  independent  variabil  i t  v  ol  peak  over¬ 
pressure,  positive-phase  duration,  and  flow  behind  the  shock  l rent  .  Su.  - 
variability  would  allow  systematic  study  of  I  i  re  extinguishing  median  i  s:  s- 
and  the  dependence  ot  extinction  on  pert  incut  aerodynamic  voinlit  ions  that 
can  varv  so  widely,  especially  in  an  urban  target. 

The  SR  1 -deve 1  oped  blast/fire  facility  was  spec  i  I  icall\  designed  ter 
used  in  studying  blast /I  ire  interactions  by  allowing  the  phenom.  la  to  '!-■ 
observed  direct  ly,  providing  repeat abi  I  i  t  v  ol  test  <ondit  ions  and  . 
veil  i  rtii'e  ot  operation,  and  making  svslematie  investigation  possibl- 
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through  independent  variahi  1  it  v  of  air  blast  iharai'U-r  i  st  irs  over  Un¬ 
practical  rani;t‘  ot  values  in  which  l  ire  el  tints  am  s i gn  i  1  i.  ant  . 

DKSCRimON  or  I'HK  SHOOKTI'HK  facility 

Tin-  tacilitv  is  illustrated  in  Fii'.uri-  I.  Tin  .antral  malum  is 
t  in*  it)-  i  ni'li  — ii  i  anii-t  er  ,  air-driven  shoektube  spiv  i  !  irallv  designed  far 
experiments  in  blast-tin'  int.rart  inns.  Ibis  shoektube  produces  n  last 
waves  that  simulate  the  cha rac t er i s t i cs  el  k  i  1  et  on-Lo-mepat  en  nuclear 
explosions  in  air.  Peak  overpressures  and  posit  ive-phase  durations  ar 
prese  1  ee  t  i‘il  and  eontrt>l  led  bv  tile  operator.  Overpressures  are  deter¬ 
mined  by  ehoiee  ot  initial  pressure  in  tin  plenum  that  drives  the  shoe 
tube.  The  duration  is  controlled  bv  a  mechanism  tor  relie;  ot  plenum 
pressure  In'  diverting  a  portion  ot  the  airflow  t rom  the  shoektube. 

The  facilitv  is  designed  to  providi'  peak  overpressures  up  to  at 
least  da  psi  and  posit ive- phase  dural  ions  t rom  about  O.lo  to  more  than 
3.  ">  seconds.  A  system  ot  orifices  at  both  ends  of  the  shooklube,  com¬ 
bined  with  a  receiver  tank  at  the  exhaust  end,  match  the  cut  flow  of 
t1'"  receiver  tank  (when  it  is  tni ly  pressurised)  to  the  out! low  of  the 
plenum  to  prevent  the  premature  rarefaction  of  the  test  section.  Tin 
facilitv  includes  a  telescoping  test -sect  ion  closure  that  allows  tires 
to  become  established,  while  burning  in  tin1  open  breach,  bet  ore  he iug 
enclosed.  The  breach  is  then  closed,  just  as  the  shock  is  in  it  iato.i, 
with  minimal  delav  to  prevent  depriving  the  lire  ot  ox  wen.  For  sum 
operation,  this  closure  must  occur  aut omul i.a 1 1 v  upon  command  ! rom  a 
mmot  c  1  oc  a  t  i  i^tr . 

Thi'  shock  is  initiated  bv  explosivi  ly  shearing  the  pressure- st  res 
( t  vp  leal  1  v  dead-soft  aluminum)  diaphragm  with  a  IVt  aslieet  line  charge 
arranged  as  an  aster  form  with  capitals.  This  cuts  tin-  d iaphragm  clean 
near  1 v  inst ant aneous 1 v ,  and  allows  the  diaphragm  to  told  :\ick  smoothly 
against  the  walls  ot  the  tube  for  minimal  inter!  en-tn  e  with  the  expand 
a j  r  flow.  A  similar  technique  is  planned  tor  use  on  the  diaphragms  o! 
the  mu  1  t  i ape r t ured  plenum  reliet  iwliL  ii  is  include  d  us  u  separate  .  out 
.it  thi'  positive-phase  duration)  hut  so  tar  wc  hav<  not  hid  o,su,ion  to 
use  tilts  i  e  a  t  u  r  e  . 
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FIGURE  1  BLAST/FIRE  SHOCKTUBE  FACILITY 


PKRKORMANCK  WITHOUT  KIRKS,  DIACNOSTK’.  KF.Ql' I  KKMl'.N'TS 


The  first  shot  was  fired  on  14  December  14/8.  A  plenum  pressure  of 
17  psig  produced  a  remarkably  clean,  nominal  I  v  SU  psi,  peak-overpressure 
shock  wave  of  i'_.  s  positive-phase  duration  (set-  figure  2).  The  long 
positive  phase  with  on  1 v  minor  perturbation  due  to  premature  raretuct  ion 
is  a  singular  achievement,  and  the  general lv  success! ul  results  are 
remarkable  for  a  iirsL  trv.  The  shock-dissipation  "muffler"  at  the  end 
of  t he  tube  worked  as  it  was  designed  to,  degrading  the  emerging  shock 
so  comp  1  et' e  l '•  to  potential  1  1  ow  as  it  entered  the  receiver  tank  that 
nearbv  observers  heard  more  ol  a  "whoosh"  than  a  "bang." 

I’he  Detasheet  technique  for  rupturing  the  pressure  restraining 
diaphragm  also  worked  exactlv  as  designed,  instantly  parting  Liu  aluminum 
into  six  petals  that  folded  flat  against  the  Lube  walls  with  minimal 
retardation  of  the  (low  of  .air  driving  the  shook  and  no  introduction  o! 
extraneous  materials  or  diaphragm  fragments  into  the  test  section. 

There  is  no  doubt  that  this  technique  will  work  equally  well  on  Lite 
mul t iapertured  plenum  relief  device,  and  thereby  allow  the  pressure 
pulse  duration  to  be-  varied  in  small  steps  down  to  less  than  one-tenth 
ol  the  value  resulting  from  this  test,  in  which  all  the  compressed  air 
in  the  plenum  exhausted  through  the  shoektube. 

Several  nonideal  character  ist  ies  were  noted  in  the  pressure-time 
pulse  of  Shot  1,  shown  in  Figure  2.  A  20-ms  spike  of  rough  I v  1  psi 
amplitude  appears  on  the  shock  trout  and  is  1  allowed  SO  to  M)  ms  later 
hv  a  similar  spike  of  somewhat  reduced  overpressure.  It  is  reasonablt 
to  suppose  that  the  first  spike  results  from  the  impulse  ol  the  detonat  i  in 
Detasheet  aster) orm  used  to  cut  the  diaphragm. 

The  second  spike  could  then  lx-  explained  as  a  reflect  ion  from  the 
upstream  orifice  of  the  counterpart  shock  created  hv  the  same  impulse-- 
transmitted  through  the  aluminum  of  the  d iaphragm--s i no-  the  path  up  and 
hack  is  just  over  bO  ft  (i.e.,  if  we  take  1120  ft/s  as  the  speed  of  sound 
in  air,  the  approximate  shock  transit  time  would  be  b()/1120  =  0.13  s) . 
Since  the  orifice  diameter  was  about  half  the  tube  diameter,  three- 
quarters  of  ;t  plane  shock  wave  could  be  returned  hv  reflection. 


these  spikes  would  be  proport  innate  1  v  more  ob  j or t  i onab  1  e  at  lower 
peak  overpressures;  there!  ore,  wo  have  cons  idered  oLher  t  echo  iques  ol 
d  i  apb  ragm  rupture  that  ilo  not  employ  explosives.  One  such  technique 
uses  e  1  et  t  r  i  ca  1  1  v  heated  wires  to  cut  nonmeta  1  1  i  c  diaphragms,  e.g., 

Mv 1 ar  sheet  . 

The  relatively  flat -topped  portion  of  the  pressure  pulse  (up  to 
about  41)1)  ms)  is  not  fill  1  v  understood.  Further  attention  should  bo 
paid  to  tnis  nonideal  behavior. 

An  abrupt  drop  in  pressure  was  observed  after  TOO  ms  at  the  test 
section  and  alter  100  ms  at  a  pressure  monitoring  station  about  half 
wav  downstream  the  tube.  This  pressure  drop  is  presumably  caused  bv  the 
returning  rarefaction  that  was  inadequately  suppressed  bv  the  flow-iontrol 
orifices  and/or  receiver  tank  volume  originally  chosen.  Some  mismatch  was 
entirely  expected  on  the  I irst  shot  because  the  state  of  the  art  does 
not  permit  exact  calculation  of  orifice  discharge  coot"  f  io  i  cuts .  Never¬ 
theless,  the  pressure  decay  remained  positive1  throughout  the  pertur¬ 
bation,  and  tlie  normal-decay  waveform  was  restored  after  1  s. 

Our  second  shot,  fired  on  20  December  1978,  was  an  attempt  to  correct 
the  perturbation  due  to  premature  rarefaction.  Premature  rare! act  ion 
can  result  from  any  of  several  design  mismatches.  Hither  an  oversized 
set  of  relief  orifices  in  the  receiver  tank  or  an  undersized  orifice 
between  plenum  and  tube  would  delay  the  f i 1 1 i ng  of  the  receiver  tank  and 
prolong  the  rarefaction  process.  That  is,  the  orifices  must  be  matched 
relative  to  each  other,  but  in  addition  the  absolute  values  must  be 
large  enough  to  permit  the  flow  behind  the  shock  to  decay  as  it  would 
in  free  air.  Moreover,  the  volume  of  the  receiver  (including  the  volume 
ol  the  muffler  chamber)  must  be  matched  to  the  quantity  ot  air  supplied 
to  it.  The  simple  pressure-time  information  available  I rom  the  I irst 
shot  was  not  sufficient  to  ascertain  the  modification  required;  there¬ 
fore,  we  arbitrarily  chose  to  reduce  the  diameters  of  the  downstream 
orifices  for  the  second  shot. 

The  times  of  appearance  are  entirely  consistent  with  the  propagation 
rates  and  distances. 
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The  second  shot  was  intended  to  be  an  exact  duplicate  of  the  first 
except  for  the  change  in  downstream  orifice  size.  However,  because  we 
lacked  control  of  plenum  air  temperature,  it  was  necessary  to  compensate 
for  the  lower  temperatures  on  the  second  shot  (resulting  from  less  solar 
heating  of  the  tank)  by  increasing  the  pressure.  The  pressure  at  the 
time  of  firing  was  18.4  psig. 

Figure  3  compares  the  record  for  the  second  shot  with  that  from  the 
first,  illustrating  the  close  similarity  of  the  two  for  the  first  54  ms. 
Unfortunately,  spot  welds  holding  the  cover  of  the  muffler  section  let 
go  about  the  time  the  pressure  in  the  muffler  chamber  reached  its  peak, 
thereby  shortening  the  positive  phase.  The  effect  of  this  shortening 
was  apparently  not  felt  at  the  test-section  pressure  gage  until  after  the 
rarefaction  wave  reached  it,  so  the  record  provides  evidence  that  our 
remedy  was  unsuccessful.  We  now  suspect  that  a  better  choice  would  have 
been  to  enlarge  the  upstream  orifice. 

Nevertheless,  this  second  test  was  very  useful,  and  it  nicely  illus¬ 
trates  the  pitfalls  in  trying  to  remedy  design  mismatches  without  suffi¬ 
cient  and  appropriate  diagnostic  measurements.  It  also  gives  unmistakabl 
evidence  of  the  validity  of  the  design  concept.  The  sudden  loss  of  pres¬ 
sure  from  the  muffler  resulted  in  an  abrupt  increase  in  the  rate  of  decay 
of  positive  pressure.  Note  that  sudden  decompression  of  the  muffler 
chamber  does  not  produce  immediate  blowdown  of  the  receiver  tank,  since 
the  two  are  connected  through  a  series  of  small  holes.  This  accounts  for 
the  somewhat  gradual  loss  in  pressure  instead  of  abrupt  termination  of 
the  positive  phase.  The  test  also  showed  that,  with  proper  diagnostics, 
we  could  proceed  with  confidence  to  determine  what  is  needed  to  eliminate 
the  perturbing  effects  of  premature  rarefaction. 

STUDIES  OF  FIRE  EXTINCTION* 

All  use  of  the  facility  since  December  1978  has  been  restricted  to 
studies  of  fire  extinction.  Before  this  feature  of  the  facility  could 


This  summary  of  effort  funded  by  DCPA/FEMA  is  extracted  from  Reference 
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bo  exploited,  it  was  necessary  to  modify  the  test  section  of  the  shock- 
tube  to  provide  a  fuel  supply,  fuel  bed  support,  and  a  means  for  fast, 
semiautomatic  closure  of  the  test-section  breach.  Test  target  design 
requirements  were  complicated  by  the  necessity  of  supporting  the  ensemble 
without  interfering  with  either  the  operation  of  the  telescoping  breach 
closure  or  witli  the  shockwave  as  it  approaches  the  target. 

TEST  SECTION  MODI El CATIONS 

The  initial  experiments  were  visualized  to  be  idealizations  of  the 
kerosene/gravel  fuel  beds  used  at  Mixed  Company. ^  To  minimize  pertur¬ 
bations  in  the  air  shock  and  subsequent  flow,  a  thin,  flat  plate  having 
sharp  leading  and  trailing  edges  was  chosen  as  the  basic  form  of  the 
fuel  bed  support.  This  platform,  illustrated  in  Figure  4,  is  rigidly 
supported  in  a  near  midstream  position  by  a  sharp-edge  cantilever 
attached  to  the  stationary  shocktube  section  just  forward  of  the  Lest 
section  opening.  The  platform  accepts  10- inch-wide  fuel  bids  of  variable 
lengths  up  to  37  inches  along  the  direction  of  shock  propagation.  The 
fuel  is  set  into  a  recess  on  the  top  surface  and  is  ordinarily  flush  with 
the  top  surface.  The  telescoping  section  is  closed  on  remote  command, 
initiating  an  automatic  sequence  to  start  the  cameras.  After  a  1.6  s 
delay,  to  allow  the  film  to  accelerate  to  full  speed,  the  line 
charge  asterform«n  the  diaphragm  is  fired  to  initiate  the  shock.  A 
borosilicate  glass  window  in  the  sliding  section  allows  the  fuel  bed  and 
flames  over  it  to  be  observed  and  recorded  on  film. 

Measurements  are  limited  to  temperature-time  and  overpressure-time 
records.  The  principal  form  of  target  response  information,  besides  the 
postshot  observation  of  whether  extinguishment  has  occurred,  is  provided 
by  high-speed  cclor  photography  (approximately  2000  frames-per-second 
framing  rate)  of  the  f Lames  during  shock  diffraction  and  the  period  of 
subsequent  hydrodynamic  motion. 
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Safety  Latch 


FIGURE  4  SHOCKTUBE  TEST  SECTION 


FI.AMK  DISPl.ACKMKNT  OVKR  FUF.1.-SOAKK1)  WICKS 

Tin.'  initial  ox  per  iments  modeled  t  lit'  incom  1  usive  experiments  run  in 
thi'  field  in  1972  at  Operation  Mixed  Company. ^  n-Hexane  was  eliosen  as  a 
Class  B  fuel  substitute  tor  the  kerosene  used  .it  Mixed  Company.  This 
change  was  t e 1 t  to  be  desirable  mainlv  because  the  use  of  a  single  sub¬ 
stance  of  well-defined  properties  avoids  possible  ambiguities  of  less 
well-defined  mixtures  whose  properties  can  change  with  time,  but  also 
because  hexane  is  somewhat  cleaner  burning  (less  sooty)  than  kerosene. 

The  1 irst  set  ot  Class  B  fuel  tests  was  run  with  the  longest  avail¬ 
able  positive-phase  durations.  Comparison  of  the  pressure  pulses  from 
shots  4  and  5  (Figures  5  and  b)  suggests  that  we  were  able  to  make 
progress  toward  eliminating  the  perturbing  rarefaction  without  the  help 
of  diagnostic  instrumentation;  however,  that  may  not  be  so,  because  the 
effects  of  the  flames  may  be  obscurring  pressure  transients  in  these  tests. 

Consistent  extinction  of  flames  occurred  at  all  overpressures  down 
to  about  1  psi  (where  the  pressure  spike  from  the  line-charge  explosive 
used  to  cut  the  diaphragm  appreciably  perturbs  the  air-driven  pressure 
pulse).  Therefore,  we  decided  to  drastically  shorten  the  pulse  duration, 
but  rather  than  using  the  alternative  venting  feature,  we  chose  to  blank 
off  the  tank  at  the  orifice  flange  and  use  only  the  33.5-foot  section  ot 
tube  between  the  diaphragm  and  the  tank  as  the  pressure  plenum.  For  the 
remainder  of  experimental  work  reported  in  Reference  5,  we  continued  to 
operate  in  this  short-duration  mode.  Example  pressure  pulses  are  shown 
in  Figures  7  and  8. 
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FIGURE  6  PRESSURE-TIME  PULSE,  SHOT 


FIGURE  7  PRESSURE-TIME  PULSE  IN  SHORT  DURATION  MODE,  SHOT  70 
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FIGURE  8  PRESSURE-TIME  PULSE  IN  SHORT -DURATION  MODE,  SHOT  42 


SUCTION  i 
R  I  '.COMM  KM  DA  T  I  ON  S 


believe  that  I)NA  lias  unique  requ  i  rement  s  that  can  be  met  advan¬ 
tageously  through  the  use  <>t  tins  research  facility.  Its  applicability 
to  problems  ol  t  ire  as  a  collateral  effect  of  nuclear  explosions  is  sell 
evident,  and  we  recommend  that  the  facility's  unique  features  be  used 
to  further  our  understand ing  of  the  basic  physics  ol  interaction  of  air 
blast  with  tires  in  support  of  tactical  and  strategic  targeting  as  well 
as  in  support  of  national  preparedness  (c.g.,  KKMA)  planning.  UV  also 
suggest  that  there  are  quite  probably  other  uses  for  this  facility  that 
have  nothing  to  do  with  fire  problems,  and  we  urge  DMA  to  consider  tin- 
facility's  unique  capabilities  with  other  nuclear  weapons  effects 
research  applications  in  mind. 
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ATTN:  Technical  Information  Services 

AVCO  Research  &  Systems  Group 
AT1N:  Library  A830 

BDM  Corp 

ATTN:  T.  Neighbors 
ATTN:  Corporate  Library 

BDM  Corp 

ATTN:  R.  Hensley 
Boeing  Co 

ATTN:  M/S  42/37,  R.  Carlson 
ATTN:  Aerospace  Library 

California  Research  K  Technology,  Inc 
ATTN:  0.  Orphal 

GarC,  Inc 

ATTN:  G.  Neidhardt 
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DEPARTMENT  OF  DEFENSE  CONTRACTORS  (Continued) 

Eric  H.  Wang 

Civil  Engineering  Rsch  Fac 

University  of  New  Mexico 
ATTN:  N.  Baum 

General  Electric  Company— TEMPO 
ATTN:  DAS  I  AC 

General  Research  Corp 
ATTN:  TIO 

1 1 T  Research  Institute 

ATTN:  Documents  Library 
ATTN:  R.  Welch 

Kaman  AviDyne 

ATTN:  Library 
ATTN:  E.  Criscione 

Martin  Marietta  Corp 

ATTN:  G.  Fotieo 

McDonnell  Douglas  Corp 
ATTN:  R.  Halprin 

Pacific-Sierra  Research  Corp 
ATTN:  H.  Brode 


Physics  International  Co 
ATTN:  E.  Moore 
ATTN:  f.  Sauer 
ATTN:  Technical  Library 

RAD  Associates 

ATTN:  Technical  Information  Center 
ATTN:  J.  Cai Renter 
ATTN:  P.  Haas 

Science  Applications,  Inc 

ATTN:  Technical  Library 

Science  Applications,  Inc 
ATTN:  W.  Layson 

Southwest  Research  Institute 
ATTN:  W.  Baker 

SRI  International 

ATTN:  G.  Abrahamson 
ATTN:  S.  Martin 

Systems,  Science  &  Software,  Inc 
ATTN:  D.  Grine 
ATTN:  Library 

TRW  Defense  t.  Space  Sys  Group 
ATTN :  P .  Da i 
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